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C A L C W I O N S  OF TEE DYNAMIC LATERAL STABILITY 

CHARACTERISTICS OF TEE DOU&AS D-558-11 A2RF'LANE IN 

HIM-SPEED FLIGH'J! FOR VARIOUS WING LOADW!X AKD ALTITUDES 

B y  M. J. Queijo and Alex Goodman 

An investigation has been made of the dynamic l a t e r a l   s t a b i l i t y '  
characterist ics of the Douglas D-5%-I1 airplane a t  high  speeds by m e a n s  
o f  calculations of  the period ahd rate of damping of the lateral oscil-  
la t ion.  The aerodynamic derivatives  used  in  calculations  applicable  to 
subsonic  speeds were obtained  by  applying  theoretical  compressibility 
corrections to  values measured on a 0.13-scale model of the Douglas 
D-538-11 in  the Langley s tabi l i ty   tunnel .  The derivatives  used  for the 
supersonic  speed  range were estimated b y  theoretical  procedures. The 
results indicate that the lateral osc i l la t ion  of the airplane is  expected 
t o  be poorly damped within  the Mach number range  from 0.6 t o  1.0. Withfn 
t h i s  range,  approxinately  heutral damping is indicated  for the basic con- 
di t ion of the airplane  for  a wing loading  of 60 pounds per  square  foot 
and a l t i tudes  of  40,000 and 50,000 feet. Improved damping character- 
istics m e  indicated a t  Mach numbers above 1.0; hmever,  the  present 
Bureau of Aeronautics cri terion  pay  not be satisfied f o r  any of the con- 
ditions  investfgated. 

The  damping of the lateral osc i l la t ion  w a s  found to be c r i t i c a l l y  
dependent on the  3nclfnation of the principal axes.  Rotation of the 
axes by 2' (do-mward at the nose of  the airplane) from the  incl inat ion 
assumed for the basic condition  resulted  in an indication of  dynamic 
i n s t a b i l i t y   f o r  same fl ight  conditiom  within  the Mach number range 
from 0.6 t o  1.0. 

For the  assumed variation of the moments of  i ne r t i a  and inclination 
of  the  principal  axes wi th  wing loa9ing, the lateral osc i l la t ion  became 
more highly damped as the wing loa3ing  increased. 

The results of the  calculations showed a rapid  decrease  in t h e  
period of the  lateral   oscil lation  with  increase i n  Mach nuniber through 
the  subsonic  speed  range  and a slower  decresse  thmu@  the  supersonic 
speed  range. 
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INTRODUCTION . 

The  dynamic  lateral  stability  characteristics  of  the Dmglas 
D-558-11 airplane  at  sxbsonic  speeds  have  been  the  object  of  several 
analytical  and  experimental  investigations.  One  such  analytical  investi- 
gation  (reference 1) indicated  instability  of  the  lateral  oscillation 
for  certain  airplane  configurationi. mese results  were i n  fair  agree- 
ment  with  data  obtained from preliminmy flight  tests of the  airplane 
(reference 2). The present  Fnvestigation  is  concerned  with  the  exten- 
sion  of  the  calculations of the  dynamic  lateral  stability t o  Mach 
numbers,  altitudes,  and w i n g  loadings beyond-the scope of reference  1. 
It is to  be  expected  that  the  calculated  dynamic  lateral  stability 
characteristics  of  the  airplane  at  transonic  and  supersonic  speeds  cannot 
give an accurate  quantitative measure of  the  stability  of  the  actual  air- 
plane  because  of  the  uncertainties  which  exist in estimating  the aem- 
dynamic  derivatives  in  these  speed  ranges.  The  results  should,  however, 
give a qualitative  indication of the  effects  of  various  parameters on 
the  airplane  lateral  stability  characteristics f o r  the  conditions  inves- 
tigated.  The  calculations  were  made  for  the  airplane  configuration 
incorporating  the  vertical  tail  with  its  extended  tip  (fig. 1) . A l l  the 
subsonic  aerodynamic  derivatives  used  in  the  present  investigation  were 
based on low-speed  subsonic  derivatives  measured in the 6-foot-diameter 
rolling-flow  test  section  and  the 6- by 6-foot  curved-flow  test  section 
of the  Langley  stability  tunnel. The supersonic  derivatives  were 
obtained from available  theory. 

SYMBOLS AND COEFFIClEmTS 

The symbols and coefficients  used  herein are defined as follows: 
" 

wing  span,  feet 

altitude,  feet 

moment of inertia about  principal  longitudinal  axis, slug- 
fee  t2 

moment of inertla  about  principsl noma1 axis,  slug-feet2 

radius of gyration  about  principal  longitudinal  axis,  feet 

radius of  gyration  about  principal normal axis, feet 

. 
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Mach number f v 
[Local speed of sound) 

period of lateral osci l la t ion,  seconds 

r o l l i n g  aqd.ar velocity,  radians  per second 

dynamic pressure ($3.2) 

yaving angular  velocity,  radians  per second 

wing area,  square feet 

time  required f o r  osci l la t ion to reduce t o  ha l f  amplitude, 
seconds 

time required f o r  l a t e ra l   o sc i l l a t ion  t o  double amplitude, 
seconds 

airplane  velocity,  feet  per second 

weight o f  airplane, pounds 

angle of  attack of  airplane  reference axis ( f ig .  21, degrees 

3 

angle of sideslip,  radians 

angle between fuselage  center  line  (reference axis) and 
principal axis, posftive % h a  reference axis is above 
principal  axis at nose of airplane (ffg. 2), degrees 

basic assumed values o f  E, degrees 

. inclination of principal  longitudinal axis of  airplane w i t h  
respect to flight path, posit ive when principsl   axis is 
above flight pa th   a t  mse (fig. 21 , degrees 

mass density of ,air, slugs per  cubic f o o t  

lateral-force  coefficient (Later; force j 
c 
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Cn (Yaw in:soment 
yawing-moment coefficient 
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SCOPE AND METHODS 

The investigation  reported  herein  includes  the  determination of the 
effects, of Mach  nuniber., wing loading, and a l t i tude  on the  dynamic lateral 
s tab i l i ty   charac te r i s t ics  of the Douglas D-558-11 research  airplane in 
the  clean  condition (slats, flaps,  and gear  retracted). In addition,  the 
effects of variation in principal-axes  inclination  by 22' f r o m  base  values 
also were investigated.  This latter variation w a s  studied  because  of  the 
uncertainty which generally exists with  regard to  the  principal-axes 
inclination. The ranges of  the  various  parameters were as follows: 
Mach number from 0.5 to 1.7; w i n g  loadings of 60, 76, and 92 p m d s  per 
square  foot;  and  altitudes  of 30,000 'feet, 40,000 feet ,  and  50,000 feet .  

A l l  calculations were made for   level   f l ight   by  use  of   the   la teral  
equations of mation as given in  reference 3. The quantities  calculated 
were the  period and rate of damping of  the  later@  oscil lation and the 
rate of damping of the  aperiodic modes of  motion (spiral and r o l l ) .  
Power e f fec ts  were believed  to be small f o r  all the  conditions  investi- 
gated and  hence were neglected. 

MASS CHARClClllERISTICS 

The estimated mass characterist ics of the  airplane at various wing 
loadings were obtained from esthates made a t  the NACA High-speed Flight 
Research  Station, EdmmIs  A i r  Force Base,  Muoc, C d i f .  Examination of  
these  characteristics  indicated a systematic  variation of the  afrplane 
moments of inertia and inclination of the  principal  axes  with wing 
loading. Average curves were drawn through the  given  points, and  values 
were taken from the  average  curves ( f ig .  2) for   the  specif ic  w i n g  loadings 
investigated. 

m O D E W X I C  CHARACTERISTICS 

Results of Law-Speed  Wind-Tunnel Tests 

The subsonic s tab i l i ty   der iva t ives  used in  this  investigation were 
based on values pleasured on a 0.13-scale m d e l  of the  Douglas D-558-11 
airplane  in   the Langley s tab i l i ty   tunnel  a t  a Mach  number of 0 .x6 and a 
Reynolds number af 1.1 X lo6. These data are shown in figures 3 and 4. 
The wind-tunnel  investigation a l s o  included  the  determination of the 
s ta t ic   l a te ra l - s tab i l i ty   der iva t ives  of the mdel with  the  vertical  t a i l  
off  (f ig. .  &(a)). The measured da ta   for   the  Douglas D-38-11 madel show 
the usual departure of the derivatives from t h e i r  lnitial trends a t  
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moderately low angles of attack - a phenomenon generally  associated with 
low Reynolds nmber  tests.  Since  the  airplane  flight Reynolds number is 
considerably  higher  than  the test  Reynjlds number, the low angle-of-attack 
trends of the data were extended t o  higher angles of, attack. It is  
believed  that  the  curves  thus  obtained may represent  the  airplans  char- 
ac te r i s t ics  more c lose ly   a t  high  angles of attack  than do the measured 
characteristics. 

Estimated Mach Number Effects 

' Compressibility  corrections were applied  only to   t he  increments of 
t h e  aerodynamic derivatives  contributed by the wing and ve r t i ca l   t a i l .  
The wing and vert ical- ta i l   contr ibut ions  to   the  la teral-s tabi l i ty  deriva- 
t i ves   ( a t  low speeds) were separated by use of  the  data of figure 4 and 
equations  (similar t o  those of reference 4 but  with  rolling  parmeters 
corrected fo r  sidewash as  indicated by reference 5 )  for   the  ver t ical-  
ta i l   contr ibut ion t o  the  derivatives.  Cmpressibility  corrections were- 
applied in the  subsonic  speed  range (up t o  M = 0.9) as indicated by the 
charts of reference 6. The variation of the  airplane  lift-curve slope 
with Msch num3er i s  shown in  f igure 5 .  The subsonic  values of the lift- 
curve  slope and a value a t  M = 1.2 were obtained from reference 7. 
The curve in  the  supersonic speed  range was estimated by use o f  the 
methods of references 8,ana 9.  The variation of t he   ve r t i ca l - t a i l   l i f t -  
curve  slope  with Mach nuniber is a l s o  shown in  f igure 5.. The value 
a t  M = 0 was estimated from the Cyp values of figure 4(a). The 
calculated  value of CL, of the   ve r t i ca l   t a i l  and the geometric sweep 
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angle  then were used i n  conjunction  with  reference 10 to  determine an 
effective  vertical-tail   aspect  ratio.  The effectlve  sspect  ratio 
(approx. 1.4) and geometric sweep angle were used w i t h  references 6 
and 8 t o  determine  the  variation o f  the t a i l  C h  with Mach number 
throughout the Mach-number range  investigated. The theoretical  values 
i n  the  transonic and supersonic  speed  ranges were the5  reduced  to  bring 
them in closer agreement w i t h  available  data on low-aspect-ratio wings. 

The wing contributions t o  the  various  derivatives a t  supersonic 
speeds were estimated  with the a id  of references 8, 9, 11, .12, and 13. 
The vertictil-tail  contribution  to  the  derivatives was estimate4  by  use 
of figure 5 and equations  similar  to  those of reference 4 with a side- 
wash correction  applied t o  the  rolling  derivatives  as  indicated by refer- 
ence 5.  The lack of experimental  supersonic  data  for  the aerodynamic 
derivatives of madels similar  to  the Douglas D-558-11 airplane has made 
verification of the  calculated  derivatives  impossible; however, the  deriva- 
t ives  were estimated  by  the  best  procedures  available and show a reason- 
able  variation  with Mach number ( f ig .  6) 



Two se t s  of derivatives were available f o r  any par t i cu la r   f l i gh t  
condition at moderate and high  angles of attack; one s e t  w a s  based on 
the measured  low-speed derivatives  (referred t o  as "basic  data"), and 
the  other set w a s  based on the  curves  obtained  by  extending the low- 
speed  data so  that   the  low angle-of-attack trends of the  data were win-  
ta ined  a t  high angLes of  attack. Corresponding se t s  of  calculations of  
the  period and rate of darnping were made f o r  conditions where the two 
se ts  of  derivatives  differed measurably. 

All the aerodynamic and mass characterist ics f o r  the  condition 
E = Bo are presented in table I. The characterist ics  are  exactly  the 
same f o r  the conditions E = E - 2O and E = c0 + 2' w i t h  the excep- 
t i on  of the  values of c and q. The values of  q corresponding to 
any value of 6 can be found  from the relat ion q = a - E .  

CALCuLATeD DYNAMIC LATEXAIL STABILITY CHARACTERISTICS 

The calculated  period and r a t e  of dnmping of the l a t e ra l   o sc i l l a t ion  
f o r  each condition  investigated  are  given i n  table 11. no results are  
presented  for  the  aperiodic modes o f  motion since  these modes were stable 
in a l l  but a very f e w  cases, and i n  those  condftions the r a t e  of diver- 
gence w a s  very low. 

The variations of  the period and r a t e  of damping of the   l a te ra l  
osci l la t ion w i t h  Mach qmber  are shown in  figures 7, 8, and 9 for  several  
wing loadings,  altitudes, and inclinations of the principal axes. A l l  
curves of these figures show approximately the same general  variations 
with Mach  number. Quantitatively, however, the  variations o f  the  period 
and ra te  of damping with Mach  number and the effects of w i n g  loading and 
a l t i tude  depend t o  a large extent on the assumed inclination of  the 
principal  axes. 

Variation of Period and Damping w i t h  Mach  Number 

The resu l t s  of  th is  investigation (figs. 7, 8, and 9 )  show a 
maximum period of about three seconds at l o w  Mach nunibem  and a decrease 
in  period w i t h  increase  in Mach  number.  The rate,of  decrease of the 
period is  quite rapid i n  the subsonic and trhnaonic  speed  ranges  3ut 
somewhat less  rapid at supersonic  speeds. The shortest period  calculated 
was about 1.5 seconds and was generally  obtained a t  Mach nmibers  above 1.1 
for  all conditions investigated.  Variations of wing loading,  altitude, 
o r  principal-axes  inclination had no appreciable  effect on the variation 
of  the  period w i t h  Mach number. I n  general, the trends of  the variation 
of the  ra te  of damping of  the   l a te ra l   osc i l la t ion  (T1/2 o r  T2) with Mach 
number  were the same for all. w i n g  loadings, al t i tudes,  and principal-axes - 



inclinations  investigated. The resli l ts  show a f a i r  degree of s t a b i l i t y  
(small T1/2 ) at the  lowest and the  highest Mach numbers. The degree  of 
s t a b i l i t y  a t  intermediate Mach numbers depended somewhat  on the wing 
loading,  altitude, and assumed inclination of the  principal  axes, and 
l e s s   s t a b i l i t y  was generally  indicated a t  these Mach numbers than at the 
highest  or lowest Mach numbers.  The resul ts  of the  calculation  near 
Mach  number 1.0 are  questlonable  because of  the uncertainty which gener- 
a l ly   ex i s t s  with  regard t o  estimated. aerodynamic derivatives  in  this 
speed  range. 

Effect of Wing Loading 

A n  increase  in wing loading caused an appreciable  increase  in the  
r a t e  of damping of   the  la teral   osci l la t ions  for  all subsonic  conditions 
investigated but had very l i t t l e  e f f e c t   a t  supersonic  speeds. It should 
be  noted that i n  this investigation  the mass characterist ics used were 
such tha t   the   rad i i  of gyration and the  principal-axes  inclination of 
the  aiqlane  varied  simultaneously  with wing loading;  therefore,  the 
effect  of wing loading i s  not comparable to  the  effect  previously 
reported  (referehce 1) iq which the radii of gyration and the inclina- 
t ion of  the  principal  axes were assumed t o  be  independent of wing loading 

Effect of Altitude 

An increase  in  al t i tude caused a decrease i n  s t a b i l i t y  throughout 
the Mach number range f o r  all wing loadings and principal-axes  inclina- 
tions  considered. The decrease i n   s t a b i l i t y  appeared t o  be of l i t t l e  
importance f o r  the  heavier wing loadings (76 and 92 pounds per  square 
foot),  generally amo-mting t o  about  only 1 o r  2 seconds in  T1/2. A t  c 
a wing loading of 60, however, the  effect  of a l t i tude  was a l i t t l e  rnore 
pronmnced. 

. .  

Effect o f  Principal-Axes  Inclination 

The resul ts  of this  investigation  indicate  that  the  inclination of 
the  principal  axes is a primsry  factor  in  determining the s t a b i l i t y  
characterist ics of the  Dmglas D-558-11 airplane. With the most favor- 
able  inclination assumed ( E = c 0  - 2’ ), the  calculations  indicated a 
f a i r  degree o f  s t ab i l i t y   fo r   t he  wing loadings and altitudes  considered; 
whereas, for   the most unfavorable  inclination ( E  = c 0  + 2O), the air- 
plane  generally was marginally  stable a t  subsonic  speeds and e i ther  
marginally  stable 3r actually  unstable a t  transonic  speeds. 

c 
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Effect of Using Data from Extended  Curves 

It  was mentioned in the   sect ion  ent i t led "Aerodynamic Characteristics" 
that  the  trends of the measured derivatives of  the Douglas D-558-11 model 
a t  low angles of attack w e r e  extended to high  angles of attack in &z1 

attempt to 'make the  data  (obtained a t  low Reynolds number)  more applicable 
to the   greater   f l ight  Reynolds numbers of the  full-scale  airplane.  At 
moderate an5 high  angles of attack, it w a s  possible t o  obtain two sets 
of derivatives; one set based an the measured data  (referred t o  as  "basic 
data") and the other s e t  based on the extended  curves.  Corresponding 
sets of  calculations were made for all conditions fn which the measured 
data and extended  curves differed measurably. The data. of figures 7, 
8, and 9 show that   the  use of extended  derivatives gave approximately the 
same period and r a t e  of  damping of the l a t e re l   o sc i l l a t fon   a s .d id   t he  use 
of the  basic  derivatives. I n  general,  the  use of values f r o m  the  extended 
curves  decreased  sl ightlythe  rate of damping of  the  oscil lation. 

Effect of  Beglecting  the  Parameters Cyp and/or Cyr 

In making  dynamic la te ra l - s tab i l i ty   ca lcu la t ions  it has been common 
practice  to  neglect Cyp and Cyr because  several  investigations have 
indicated o n l y  a small e f fec t  of  these  psrameters on P and T1/2 and 
because of the amount of labor saved by neglect- them. The present 
computations  were made on 80. autwmtic   digi ta l  computer; therefore, o n l y  
a small saving in time and work w o u l d  have  been made by neglecting Cyp 
and Cy,. Because both Cyp and Cyr were quite  large for several of  

the  conditions  investigated,  thfs  investigation  appeared t o  of fe r  a 
good opportunity t o  evaluate the  effects  of  large  values of these param- 

.. eters  on P and Tr/2, at l e a s t   f o r  one particular  configuration. The 
resul ts  of  the  calculations  are  presented f o r  one case  only, and t h a t  
case  (one of marginal s t ab i l i t y )  i s  specified  by -the following 
parameters: M = 0.7, = 60, H = 40,000 feet ,  c = eo, Cyp = 0.340, 

Cyr = 0.727. The results a re  shown in the  following table: 
s a  

I 

0 I O  

2.76 13.69 

2.77 14.73 

2.76 13.98 

2.76 14.13 
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The results  indicate  that   neglecting Cyp and/or Cyr f o r  t h i s  case 
had no substant ia l   effect  on the  calculated  period and rate of damping. 

Comparison of the  Calculated  Period and Damping with  the 

Bureau of  Aeronautics  Criterion  for  Satisfactory 

Period-Damping Relationship 

The present Bureau of  Aeronautics  cri terion  for  satisfactory 
character is t ics  o f  the lateral osci l la t ion (Dutch mll)  is contained i n  
reference 14. The c r i te r ion  i s  tha t  the damping sha l l  be positive &d 
shall be such tha t  the time required to,damp t o  half  amplitude and the 
period shall f a l l  within the satisfactory  area of charts such 8s those 
of f igures 10, 11, and 12. The points on the  charts were taken from 
figures 7, 8, and 9 and show tha t   t he  Douglas D-558-11 airplane does not 
meet the  Bureau 's   cr i ter ion  for   a .great   major i ty  of the  conditions 
investigated. 

CONCLTJSIONS 

Results of calculations of the dynamic lateral s tabi l i ty   character-  
i s t ics  of the Douglas D-558-11 a i r p l a e  i n  high-speed f l ight   indicate  
the following  conclusions: 

1. The la teral  osci l la t ion o f  the Douglas D-558-11 is expected t o  
be poorly dam-ged within the Mach num3er range from 0.6 t o  1.0. Within 
t h i s  range, approximately  nextral damping i s  indicated  for  the assumed 
basic  condition of the  airplane f o r  a wing loading of  60 pounds per 
square f o o t  and al t i tudes of ~O,OOO and 50,oo'o feet .  Improved damping 
characteristics  are  indicated at Mach numbers above 1.0; huwever, the  
present Bureau  of Aeronautics  criterion may mt  be sat isf ied f o r  any of 
the conditions  investigated. 

2. The damping of the lateral  osci l la t ion was found t o  be c r i t i c a l l y  
affected b y  the  incl inat ion of the  principal  axes.  Rotation of t h e  
principal axes by 2' (downward at the  airplane nose) fram the  inclina- 
t ion  assumed f o r  the basic  conditio3 resulted i n  m indication of dynamic 
in s t ab i l i t y  f o r  some flight conditions  within  the'Msch n-mber range 
from 0.6 t o  1.0. 

3.  For the  assumed variation af the moments  of i ne r t i a  and inclina- 
tion  of  principal  axes with wing loading, the la te ra l   osc i l la t ion  became 
more highly damped as the wing loading  increased. 



NACA RM L50H16a. - 11 

4. The calculations showed a rapid  decrease i n  the period of the 
la te ra l   osc i l la t ion  w i t h  increase in  Mach nuniber through the  subsonic 

f o r  all conditions  investfgated. 
.speed range and a slower decreaee  through the supersonic speed range 

Langley  Aeronautical  Laboratory 
National.  Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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TABLE I.- STABILITY DWNATNE8 ARD MASS CRARACTILRISTICS 

OF 'IRE WWLAS D-558-11 AI- 

f . fo 

1.3 60 w;oOO 1.65 3.70 -2.03 .208 -.952 .rrl -.059 .173 
1 . 3  76 50,000 2.48 1.66 .82 .264 -.952 .no -.OW . a 2  
1.5 63 40,ooO -36 3.70 -3.34 .OgT "921 -245 -.m -0% 
1.5 60 50,000 1.40 3.70 -2.30 .157 -.918 .247 -.055 .O& 
1.5 76 50,ooO 2.10 1.66 .44 .19 -.912 .248 "050 .lo0 
1.7 60 50,000 1.20 3.70 -2.50 .123 -.E37 .216 -.@3 .047 

%at8 ueed f r o m  extended curves. 
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5.95 --- 
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Figure 1.- Drawing of Douglas D-SS8-11 high-speed research &plane. 
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Figure 2.- Variation of moments of inertia about  prFncipal  axes and 
inclination of principal axes with wing loading. 
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Figure 3.-  Experhental  variation of lift coefficient wlth angle of 
attack. M = 0.16. 
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(a) Sideslip derivatives. 

Figure 4.- Experfmental variation of lateral-stability  derivatives with 
angle of attack. M = 0.16. 



20 - NACA RM L 5 O H l h  

Measured ,-V-V-- 

Extended curve - - - 

(b) Rol l ing  derivatives. 

Figure 4.- Continued. 
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(c) Yawing derivatives. 

Figure 4.- Concluded. 
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(a) Sideslip  derivatives. 

Figure 6.- Calculated  variation of the  lateral-stability  derivatives of 
the Douglas E-SS8.11 airplane with  Mach number for two  representative Iu 
angles 00 attack. W 
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(b) Ro l l ing  derivatives. 

Figure 6.- Continued. 
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(a) H = 30,000ifeet. (b) H = 40,000 feet. (c) H = 50,oOO feet. 

Figure 7.- Variation of the  calculated  period and rate of damping of the 
lateral  oscillation of the  Douglas E-556-11 a'j.rplane with  Mach n m h r  
for several wing loadings and  altitudes. E E o  - 2'. (Flagged 
points  indicate  use of data from extended curves. ) 
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(a) H = 30,000 feet. (b)  H = J.+O,OOO feet. (c)  H = 50,000 feet. 

Figure 8.- Variation of the calculated period and rate  of damping of the 
lateral.  oscillation of the Douglas D-558-11 airplane wiL5 Mach number 
f o r  several wing loadings and altitudes. E = .so. (Flagged 
points  hdicate use of data from &ended curves ) 
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(a) H = 30,000 feet. (b) R = 40,000 feet. (c)  H = 50,W feet.  

Figure 9.- Variation of the calculated period and rate of damping of the  
Lateral oscillation of t h e  Douglas D-558-11 airplane with Mach number 
f o r  several wing  l o a d h g s  and altitudes. E = eo f 2'. (Flagged 
points  indicate use of data from extended curves.) 
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Figure 10.- Comparison of calculated damping characteristics of the 
Douglas 5558-11 airplaae with the Bureau of Aeronautics cr i ter ion 
for satisfactory damping. E = c0 - 2'. 
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(a) H = 30,000 feet. (b) H = 40,000 feet. (c) H = 50,000 feet. 

Figure 11.- Comparison of calculated damping characteristics of the 
Douglas D-558-11 airplane with the Bureau of Aeronautics criterion 
for satisfactory damping. E; = E ~ .  
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(a) H = 30,000 feet ,  (b) H = 40,OOO feet. (c) H = 50,000 feet. 

.Figure 12.- Comparison of calculated damping characteristics of the 
Douglas I?-558-11 airplane w5th the Bureau of Aeronautics criterion 
for.satisfactory damping. E = + 2'. - NACA--ley - 10-3-60 - 200 ' 
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